Introduction {#sec1-1}
============

Acute pancreatitis (AP) is a disease of varying severity, ranging from mild self-limiting to life-threatening severe disease associated with various systemic and local complications \[[@ref1]\]. Walled-off necrosis (WON) is an important local complication of AP that occurs in the delayed phase of the illness. It is usually formed 4 weeks after an episode of acute necrotizing pancreatitis and is defined as an encapsulated collection of solid and liquid necrotic material \[[@ref1],[@ref2]\]. Patients with WON have a variable course, with the majority of patients having an uneventful course \[[@ref3]\]. However, a significant number of patients with WON develop symptoms that include persistent significant pain, infection, gastric outlet obstruction or biliary obstruction, and these patients require drainage. The drainage of symptomatic WON can be achieved using image-guided percutaneous, endoscopic or minimally invasive surgical means. The availability of endoscopic ultrasound (EUS) and advances in endoscopic techniques, as well as accessories, have revolutionized the field of endoscopic treatment of pancreatic fluid collections. Currently, endoscopic transmural drainage is considered as the mainstay of treatment for symptomatic pancreatic fluid collections \[[@ref4],[@ref5]\].

Endoscopic transmural drainage can be achieved by using either multiple plastic stents or biflanged fully covered self-expanding metal stents (BFMS). The introduction of lumen-apposing metal stents (LAMS), especially those with electrocautery-enhanced delivery system, like the Axios stent (Boston Scientific, Natick, MA, USA) and Niti-S Spaxus stent (Taewoong Medical, Gyeonggi-do, South Korea), have made the endoscopic drainage procedure simpler, with minimal technical complications. Recently, another electrocautery-enhanced BFMS (Hot Nagi Taewoong Medical, Gyenoggi-do, Korea) that has a simpler, intuitive delivery system has also been introduced \[[@ref6]\]. The introduction of LAMS was considered as a game changer in the management of WON, because by providing a larger drainage diameter compared to plastic stents they were expected to provide effective drainage of solid necrotic material. Furthermore, as their deployment did not require large-diameter balloon dilatation of the transmural tract, they were expected to have fewer complications compared to plastic stents.

Despite this theoretical advantage, studies comparing plastic and metal stents in the management of pancreatic fluid collections have shown conflicting results \[[@ref7]-[@ref15]\]. EUS-guided drainage of WON was initially performed using plastic stents, and LAMS have only been used recently. Therefore, these retrospective comparative studies have compared 2 procedures carried out in different timeframes, with LAMS being placed in an era when centers had acquired extensive experience in endotherapy of pancreatic necrosis. In addition, the use of LAMS is associated with a higher cost and various significant adverse effects, such as pseudoaneurysm-related bleeding, stent clogging by necrotic debris, requiring multiple procedures, and stent migration \[[@ref7],[@ref8]\]. Moreover, many of these studies included patients with both pseudocysts and WON, a heterogeneous study population that could induce bias in the results. In the current single-center study with a large sample size, we retrospectively compared the efficacy and safety of endoscopic transmural drainage between multiple plastic stents and LAMS.

Patients and methods {#sec1-2}
====================

The endoscopic database of our unit was retrospectively searched for all patients who had undergone EUS-guided drainage/debridement of WON between October 2009 and March 2020. The included patients had earlier been diagnosed with acute necrotizing pancreatitis, based on the revised Atlanta classification, and had subsequently developed symptomatic WON \[[@ref1]\]. The pancreatic WON was defined as an encapsulated collection of solid and liquid pancreatic/peripancreatic necrosis with a well-defined wall characterized on computed tomography (CT), magnetic resonance imaging, or EUS \[[@ref1]\]. Patients with pseudocysts as defined by revised Atlanta classification, WON with \<10% solid necrotic debris, or non-pancreatic intra-abdominal collections were excluded, as were patients who did not undergo endoscopic transmural drainage of WON. The included patients were divided into 2 groups on the basis of whether multiple plastic stents or LAMS were deployed during the initial endoscopic transmural drainage. Patient demographics, etiology of AP, size of WON, type of stent used, technical details, outcome details, and procedural complications were retrieved from the database. All the endoscopic procedures were performed after informed consent had been obtained from the patients. All the patients in the initial part of the study underwent placement of multiple plastic stents. With the availability of LAMS, patients were given a choice of LAMS or plastic stents, depending upon economic affordability and availability of health insurance. At our center, the hospital admission and treatment is subsidized but the patients have to bear the cost of stents. Therefore, we did not compare the difference in the cost of treatment between the 2 groups.

EUS-guided transmural drainage {#sec2-1}
------------------------------

The EUS-guided transmural drainage was performed by a single endoscopist (SSR) with the patient under conscious sedation using intravenous midazolam and pentazocine. Patients were given broad-spectrum intravenous antibiotics before the procedure and these were continued orally after the procedure until the resolution of WON. Post-procedure antibiotics were modified according to the culture and sensitivity reports of the drained fluid. EUS-guided drainage was performed using a linear scanning echoendoscope (EG-3870 UTK linear echoendoscope, Pentax Inc., Tokyo, Japan, or UCT180 linear echoendoscope, Olympus Optical Co. Ltd., Tokyo, Japan). The technical details of the EUS-guided drainage procedure have been published previously by us \[[@ref16],[@ref17]\]. During the initial EUS examination, the WON morphology was evaluated in detail. An attempt was made to quantify the amount of solid debris, evident as echogenic material in WON, as a percentage of the total size of the collection. This quantification was an approximate visual judgment made by the endoscopist. As mentioned above, in the initial period all patients were treated with multiple transmural plastic stents (2-5 in number, 7 or 10 Fr diameter, and 3-7 cm in length). A 7-Fr nasocystic catheter (NCC) was also positioned initially alongside stents for irrigation ([Fig. 1](#F1){ref-type="fig"}). The NCC was flushed and aspirated with 200 mL normal saline or hydrogen peroxide every 4-6 h. After LAMS became available, depending upon financial affordability, patients were either treated with multiple plastic stents or LAMS: NAGI stent (14 or 16 mm), Taewoong Medical Co., Ltd., Seoul, Korea, or Plumber Stent (16 mm diameter), MI Tech Gyeonggi-Do, 17706, Korea, or Hot Axios stent (15 mm diameter), Boston Scientific, Natick, MA, USA ([Fig. 2](#F2){ref-type="fig"}). Patients with peripheral WON also underwent additional percutaneous drainage of peripheral collection.

![Endoscopic transmural drainage of walled-off necrosis with multiple plastic stents and nasocystic catheter](AnnGastroenterol-33-426-g001){#F1}

![Endoscopic transmural drainage with lumen-apposing metal stent (Hot Axios)](AnnGastroenterol-33-426-g002){#F2}

Follow-up protocol after initial drainage {#sec2-2}
-----------------------------------------

An endoscopic step-up approach was followed in both groups after initial transmural drainage with either multiple plastic stents or LAMS. Patients in both groups underwent a CT of the abdomen 72 h after drainage.

Multiple plastic stents group {#sec2-3}
-----------------------------

The NCC was removed in patients with multiple plastic stents who had symptomatic improvement with \>50% reduction in cavity size. Patients with new-onset fever or worsening of existing symptoms with persistent WON on CT underwent repeat endoscopic transmural drainage through the same tract with reinsertion of multiple plastic stents. The previously placed stents were removed, the transmural tract enlarged, and multiple plastic stents (more than on the previous occasion) were inserted. The NCC was reinserted at the discretion of the treating team. If WON persisted with persisting or worsening symptoms after a second or subsequent session of drainage, a decision concerning additional transmural drainage by multiple plastic stents, LAMS insertion, direct endoscopic necrosectomy (DEN) or surgery was taken after a review of repeat imaging findings, consultation with the patient and his/her family, and interdisciplinary consultation with pancreatic surgeons. All non-responding patients were given a choice of LAMS insertion, and patients refusing consent for LAMS because of economic affordability underwent DEN through the dilated transmural tract. Patients who could afford LAMS underwent LAMS insertion and were subsequently managed as per the protocol of the LAMS group.

LAMS group {#sec2-4}
----------

Patients with new-onset fever or worsening of existing symptoms with persistent WON on CT underwent repeat endoscopic transmural drainage. If the LAMS was clogged with necrotic material, the stent was de-clogged and a 7-Fr NCC was inserted through the LAMS into the necrotic cavity. The necrotic cavity was irrigated as described above. In non-responders, DEN was done through the LAMS using a combination of accessories, including grasping forceps, snare, and Dormia and Roth baskets.

Treatment protocol after resolution of WON {#sec2-5}
------------------------------------------

The follow-up imaging, including CT to document the resolution of WON, was carried out at the discretion of the treating clinician. The factors that helped in deciding the timing of CT to document resolution of WON were clinical improvement and radiological findings on abdominal ultrasound. In patients with symptomatic improvement and resolved WON on CT, endoscopic retrograde cholangiopancreatography or magnetic resonance cholangiography was performed to delineate and define pancreatic duct disruption.

Multiple plastic stents group {#sec2-6}
-----------------------------

In patients who had a normal pancreatic duct, all transmural plastic stents were removed, whereas in patients with partial main duct disruption, a transpapillary stent was placed across the disruption and was subsequently removed, along with the transmural stents, after resolution of the disruption had been documented. In patients who had a disconnected pancreatic duct, one or more transmural stents were left indefinitely.

LAMS group {#sec2-7}
----------

In patients who had a normal pancreatic duct, the LAMS was removed. In patients who had partial main duct disruption, the LAMS was removed, and a transpapillary stent was placed across the disruption and was subsequently removed after resolution of the disruption had been documented. In patients who had a disconnected pancreatic duct, an attempt was made to replace the LAMS with a 7 or 10-Fr double pigtail plastic stent.

All these patients were followed up in our outpatient clinic once every 3 months for the first year and thereafter every 6 months. Patients who failed to report to the clinic were contacted by telephone.

Outcome measures {#sec2-8}
----------------

The various outcome measures studied included technical success, defined as the ability to place the transmural stents or LAMS into WON, confirmed radiographically and endoscopically; clinical success, defined as radiographic resolution of WON along with symptomatic improvement and occurrence of adverse events, including bleeding, perforation and unplanned endoscopic/radiological or surgical interventions.

Statistical analysis {#sec2-9}
--------------------

The data were represented as percentages for categorical variables, and mean ± standard deviation (SD) for quantitative variables. The continuous variables were compared using Student's *t*-test, whereas the categorical variables were compared using the chi-square or Fisher exact test. A p-value of \<0.05 was considered significant.

Results {#sec1-3}
=======

Demographics and imaging characteristics {#sec2-10}
----------------------------------------

During the study period, 166 patients (138 male \[83%\]; mean age 37.5 ± 9.1 years) who had symptomatic WON were treated with EUS-guided transmural drainage using either multiple plastic stents or LAMS. All patients had underlying AP and the etiology was alcohol in 113 (68%) patients, gallstones in 35 (21%), idiopathic in 13 (7.8%), and other in 5 (3.2%) patients (trauma 2, post-endoscopic retrograde cholangiopancreatography 2, and drug-induced 1). The patients presented to us at mean duration of 65.4 ± 26.3 days after the onset of episode of AP and the mean size of WON (largest diameter) on presentation was 10.8 ± 2.6 cm. Among the 166 patients, LAMS were used in 28 (16.8%) patients (Plumber stent in 21, Nagi stent in 5 and Hot Axios in 2 patients respectively) and multiple plastic stents were used in 138 (83.2%) patients. The median number of plastic stents inserted was 2 during the initial EUS-guided drainage and 3 during the second drainage session. The baseline demographic characteristics, the etiology of AP and the location of the WON were comparable between the 2 groups ([Table 1](#T1){ref-type="table"}). However, patients in whom LAMS was inserted had a significantly larger size of WON (11.9 vs. 10.6 cm, P=0.009) and a significantly higher proportion of solid content (40.89% vs. 30.25%, P=0.00004). Also the timing of endoscopic intervention after an episode of AP was significantly earlier in the LAMS group than in the multiple plastic stents group (49.7 vs. 68.6 days, P=0.0002) ([Table 1](#T1){ref-type="table"}).

###### 

Demographic, clinical and imaging features of patients with WON
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Outcome parameters {#sec2-11}
------------------

### Resolution of WON {#sec3-1}

The initial EUS-guided transmural drainage procedure was technically successful in all 138 patients in the multiple plastic stents group, whereas it was technically successful in 27/28 (96.4%) patients in the LAMS group. In one patient in the LAMS group, the stent became externally deployed into the stomach. The LAMS was recaptured and redeployed during the same endoscopic session. The overall rate of resolution of WON without the need for surgery was 98.1% and the mean time for resolution was 29.3 days. The WON resolution rates did not differ between the multiple plastic stents and LAMS groups (98.5% vs. 96.4% respectively, P=0.42). However, the time taken to resolution was significantly shorter in the LAMS group than in the multiple plastic stents group (26.7 vs. 29.8 days, P=0.03). The need for DEN was comparable between the 2 groups (25% in LAMS vs. 11.5% in multiple plastic stents group, P=0.07). Although statistically non-significant, the greater need for DEN in the LAMS group could be because of the significantly larger size of WON and significantly higher proportion of solid content in the LAMS group. The mean number of endoscopic procedures required for the resolution of WON was comparable between the 2 groups (3.33 in LAMS vs. 3.53 in multiple plastic stents group, P=0.28). Following resolution of WON, a transmural double pigtail plastic stent was left *in situ* in all patients with a disconnected pancreatic duct in the multiple plastic stents group, whereas this stent was placed successfully in only 12/20 (60%) such patients in the LAMS group. In the remaining 8 (40%) patients, the LAMS could not be replaced with plastic stents because of complete collapse of the WON cavity.

Complications {#sec2-12}
-------------

There was no significant difference in the mortality rates between the 2 groups (0.7% for multiple plastic stents vs. 3.5% in LAMS group, P=0.30). The need for rescue surgery was also comparable between the 2 groups (0.7% for multiple plastic stents vs. 0% in LAMS group, P\>0.99). The rates of other complications, including pneumoperitoneum (1.5% for multiple plastic stents vs. 0% in LAMS group, P\>0.99) and bleeding requiring surgery or radiological intervention (2.8% for multiple plastic stents vs. 7% in LAMS group, P=0.26), were also comparable between the 2 groups. Self-limiting pneumoperitoneum occurred in 2 patients in the multiple plastic stents group and was successfully managed conservatively with nasojejunal tube feeding and antibiotics.

Discussion {#sec1-4}
==========

With the advent of EUS and the availability of improved accessories, endoscopic transmural drainage has become the preferred modality of treatment of both pancreatic pseudocysts and WON. Despite a number of studies showing its superiority over percutaneous as well as minimally invasive surgical drainage, the choice of stents for transmural drainage continues to be a topic of debate. LAMS were presumed to be better than multiple plastic stents, as they provide a larger drainage diameter expected to provide effective drainage of solid necrotic material. However, various studies and meta-analyses that have compared plastic and metal stents for the treatment of WON have shown conflicting results in terms of efficacy and adverse events \[[@ref6]-[@ref14]\].

Abu Dayyeh *et al* retrospectively compared 36 patients who underwent endoscopic transmural drainage with multiple plastic stents and 58 patients who underwent metal stent placement \[[@ref18]\]. They reported that the WON resolution rates were comparable between the 2 groups (91.7% for plastic stents vs. 94.8% for metal stents, P=0.55). However, spontaneous resolution of WON without need of DEN was significantly more common in the metal stent group (30.8% vs. 60.4%, P=0.01). They also reported that the complications were similar in both groups except for clinically significant bleeding requiring endoscopic intervention, that was more common in the plastic stent group (14% vs. 2%, P=0.02). Wang *et al* retrospectively evaluated the efficacy of various types of stents in 160 patients with pancreatic fluid collections (62 patients drained with plastic stents, 28 patients with fully covered self expanding metal stents, and 70 patients with LAMS) \[[@ref13]\]. They also reported that the technical success (93.5% vs. 96.4% vs. 94.3%, P\>0.99) and treatment success rates (84.6% vs. 85.2% vs. 89.2%, P=0.763) were similar among the 3 groups. However, clinically significant bleeding occurred only in the metal stents group.

Siddiqui *et al* also retrospectively compared 106 patients with WON drained using plastic stents with 121 patients drained using fully covered self-expanding metallic stents and 86 patients drained using LAMS \[[@ref15]\]. The technical success rates were similar among the 3 groups, but the clinical resolution was lower in the plastic stent group compared to the self-expanding metallic stent and LAMS groups (81% vs. 95% vs. 90%, P=0.001). The mean number of procedures required for WON resolution was also found to be significantly lower in the LAMS group than in the other 2 groups (2.2 vs. 3 vs. 3.6 respectively, P=0.04). Ge *et al* retrospectively compared 78 patients who underwent transmural drainage of WON using plastic stents with 34 patients who underwent transmural drainage using LAMS \[[@ref19]\]. They also reported that WON resolution was similar between the LAMS and plastic stents groups (94.1% vs. 92.1%, P=0.510), as was the number of procedures (1.5 vs. 1.5, P=0.871). However, LAMS were associated with faster resolution (86.9 vs. 133.6 days, P=0.038), and a lower requirement for surgery (0% vs. 12.8%, P=0.031).

Bang *et al* reported a randomized study comparing 31 patients with WON treated with LAMS with 29 patients who underwent placement of multiple plastic stents \[[@ref7]\]. They reported that there was no significant difference between the 2 groups in the total number of procedures performed (median 2 \[range 2-7\] for LAMS vs. 3 \[range 2-7\] for plastic, P=0.192), treatment success, clinical adverse events, readmissions or overall treatment costs. Similar to the abovementioned studies, the systematic reviews and meta-analyses have also yielded varying results. Mohan *et al* reported that the pooled rate of clinical-success as well as adverse events was similar between LAMS and plastic stents, with pooled success rates being 88.5% in the LAMS group and 88.1% in the plastic stent group \[[@ref9]\]. On the other hand, Saunders *et al* reported that metal stents for the drainage of pancreatic fluid collections were associated with better clinical success, fewer complications and less bleeding compared to plastic stents \[[@ref20]\]. Yoon *et al*, in their meta-analysis, also reported that metal stents had a higher clinical success rate (odds ratio \[OR\] 3.39, 95% confidence interval \[CI\] 2.05-5.60) and a lower overall adverse event rate (OR 0.37, 95%CI 0.21-0.66) than plastic stents \[[@ref21]\]. Moreover, in subgroup analyses, the authors reported that metal stents demonstrated superiority over plastic stents for treatment of both pseudocyst (OR 5.35, 95%CI 1.35-21.19) and WON (OR 3.37, 95%CI 1.89-5.99).

In our study, we also found that the technical success and resolution rates of WON were comparable in both groups. Unlike previous studies, we also evaluated the morphology of WON in detail, including the quantification of solid necrotic material in WON in both groups, as the amount of necrotic material has important therapeutic implications \[[@ref22]\]. Although there was significantly greater necrotic content, as well as a larger size of WON, in the LAMS group compared to the plastic stents group, the resolution rates, number of endoscopic procedures required for resolution, complications and mortality were comparable in both groups. The time taken to resolution was significantly shorter in the LAMS group than in the plastic stent group. Although the need for DEN was non-significantly greater in the LAMS group compared to the plastic stent group (25% vs. 11.5%, P=0.07), this difference could have been due to the significantly larger size of WON and significantly higher proportion of solid content in the LAMS group. Parsa *et al* compared a larger diameter (20 mm) LAMS with a standard 15 mm LAMS in 306 patients with symptomatic WON and reported that patients who received the 20 mm LAMS required fewer DEN sessions (mean 1.3 vs. 2.1, P\<0.001) \[[@ref23]\].

We also found that procedural complications, including pneumoperitoneum and bleeding requiring surgery or radiological intervention, were comparable between the 2 groups. An international multicenter comprehensive analysis of adverse events associated with LAMS placement for pancreatic fluid collection drainage reported that mild, moderate and severe complications occurred in 25.3%, 68.4% and 6.3% of patients, respectively \[[@ref24]\]. These results suggest that LAMS are not a panacea for the management of WON and can be associated with significant adverse effects. We also found that in 40% of patients with a disconnected pancreatic duct in the LAMS group the metal stents could not be replaced with a long-term transmural plastic stent because of complete collapse of the WON cavity; the long-term consequences of this need to be studied.

Our study had several limitations. It was a single-center retrospective study in which more patients were treated with multiple plastic stents than with LAMS. Although the baseline demographics and etiology of AP were comparable between the 2 groups, patients in the LAMS group had significantly larger sized WON with more solid necrotic content. Despite these adverse baseline WON features, the resolution rates, complications and mortality were comparable in both groups. Another limitation is that the number and size of plastic stents inserted in patients were variable. Moreover, at our center the hospital admission and treatment are subsidized and it is not possible to determine the actual cost of treatment; therefore, we did not compare the difference in the cost of treatment between the 2 groups.

In conclusion, the technical success, resolution rates of WON and adverse events were similar in patients treated with multiple plastic stents and LAMS. However the use of LAMS was associated with a significantly shorter time to resolution.

###### Summary Box

**What is already known:**

• Endoscopic management of walled-off necrosis (WON) involves the use of either multiple plastic stents or lumen-apposing metal stents (LAMS)

• Various studies and meta-analyses that have compared plastic and metal stents for the treatment of WON have shown conflicting results in terms of efficacy and safety

**What the new findings are:**

• The resolution rates of WON were similar in patients treated with multiple plastic stents and LAMS

• However, LAMS was associated with a significantly shorter time to resolution

• The complication rates, including clinically significant bleeding, were similar between multiple plastic stents and LAMS

• In 40% of patients with a disconnected pancreatic duct in the LAMS group the metal stents could not be replaced with a long-term transmural plastic stent because of complete collapse of the WON cavity
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